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ABSTRACT

The National Marine Fisheries Service, under contract to the
Bonnevill e Power Adnministration, began conducting research on inprinting
Paci fic salnon and steel head for homing in 1978. The juvenile marking
phase was conpleted in 1980; over 4 million juvenile salnmn and steel head
were marked and rel eased in 23 experinents. The primary objectives were to
determine: (1) a triggering nechanismto activate the homng inprint, (2)
if asingle inprint or a sequential inprint is necessary to assure honing,
and (3) the relationship between the physiol ogical condition of fish and
their ability to inprint.

Research in 1981 concentrated on: (1) recovering returning adults
fromprevious experinents, (2) analyzing conpleted 1978 steel head and 1980
coho sal non experinents, and (3) prelimnary analyzing 1979 and 1980 fall
chinook sal mon experiments.

Seven experinental groups are di scussed: four steel head, two fall
chinook sal nmon, and one coho salmon. In four groups, survival was enhanced
by the inprinting-transportation procedures. Hom ng back to the hatchery
area was successful in two groups, and generally, unless there were

extenuating circunstances (eruption of Munt St. Hel ens, disease prablem

etc.), greater returns to user groups were evident.
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| NTRODUCTI ON

The National Mrine Fisheries Service (NWS), under contract to the
Bonnevi |l e Power Adnministration (BPA), is conducting research on inprinting
Pacific salmon and steel head for hom ng. Imprinting is defined as a rapid
and irreversible learning experience that provides fish with the ability to
return to natal streams or a preselected site. The ability to activate the
i mprint mechanism at the proper tine should assure a suitable honming cue
that coupled with transportation (Park et al. 1979) will result in high
smolt survival and ensure adequate returns to the homing site or hatchery.

In our study, we use single inprints and sequential inmprints. Single
imprinting is cueing fish to a single unique water supply prior to release.
Various mechanical stinuli may be used in conbination with the unique water
source to achieve the single inprint. Sequential inprinting is cueing fish
to two or nore water sources in a step-by-step process to establish a
series of signposts for the route "hone."

The primary objectives of our homing research are as follows:

1. Determine a triggering nmechanismto activate the honming inprint in
sal moni ds.

2. Determine whether a single inprint or a series of stimuli
(sequential inprinting) are necessary to assure homng for various stocks
of sal noni ds.

3. Determine the relationship between the physiological condition of
fish (gill Nat+-K+ ATPase activity, etc.) and their ability to inprint.

Qur study began in 1978, and the juvenile marking phase was conpl eted
in 1980. During the 3-year nmarking phase of the program a total of over
4 million juvenile salnmon and steel head were nmarked and released in 23
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experinents (Table 1). Fish within marked groups were from randoni zed
sanpl es whenever possible. The 16 homing inprint sites used were spread
t hroughout the major portion of the Colunmbia River System available to
anadromous fish migrations (Figure 1). The first 3 years of juvenile
marking activities and prelimnary anal yses of adult returns were reported
by Slatick et al. (1979, 1980, 1981) and Novotny and Zaugg ( 1979, 1981).
This report summarizes adult returns through 1981 with statistical

treatnent of conpleted experinents.

ADULT RETURNS FROM | MPRI NT TESTS

The degree of success (ability to hone and survival enhancement > for
the various treatments of experinental fish are based on the returns of
adults previously nmarked with a coded wire tag (CA). Homi ng of various
groups is determined by the rate of return of nmarked adults to the homng
sites. ALL homing sites are located at pernmanent facilities (hatcheries)
except the ones at Stavebolt Creek, Oregon, and Pasco, Washington, where
adequate facilities were constructed. Survival of various groups was
neasured by the conbined total recoveries of CWs at the honming site, from
in-river sampling sites (Figure 2), from comercial and sport fisheries,
and from hatcheries and spawni ng grounds. Discrete nmultivariate analysis
was used to statistically conpare test and control treatnents of conpleted
experiments (Bishop et al. 1975). In this procedure the treatments were
structured by the Gstatistic (Sokal and Rohlf 1981). Si gni fi cance was

establ i shed at P<O Ob, df = 1.



Table |.--Homing |Inprint experinents 1978-80--species. |ocation, nuber of fish
merked and rel eased, and years when adults are expected back for

eval uacti on.
Year. fish marked and rel easeed
Species snd hatchery of Adul t
origin-homingsite 1978 1979 1980 eval uation
(No.) (No.) (No.) (yr)
Snake River System
St eel head
Dwor shak 74,741 .- 99, 135 1980- 83
Tucannon 36. 686 67,573 -- 1980- 82
Tucsnnon-L. Goose Dam - -- 78,091 1981- 82

spring chi nook rslnon

Kooki a 186.59," -- 123, 600 1980- 83

Rapid Ri ver - - - - 121, 566 1981-83

Fal | chi nook sal non

Hager man- Lower Granite Dam -- - 114, 000 1981-84
Col unbi a River System

St eel head
Chel sn- Leavenwort h 137,949 137, 817 -- 1979-81
Wl | s-Wnt hrop 96, 970 65, 743 - 1979-81

Spei ng chi nook sal non

Car son- Pssco - 113,681 - 1980- 82
1
Carson - 159,682 159, 327 1980- 83
Leavenworth 491, 768 1981- 83
Coho_ssl mon
b/
Carson-Pasco 102, 594" - - - 1970-79
b/
W Il ard- Stevebolt Creek k14;907-v/’ - - - 1978-79
Wllard -- -- 436. 118 1980- 81
Fal | _chinook sal non
Bi g Wiite Sal non- Stavebol t - 473, 027 - 1980- 82
Bi g Oreek-Stavebolt O eek -- -- 143, 805 1981-84
Spring Creek - - 259, 786 1881- 84
Subtotals by species O snd
Totsls
Spring chinook sal non 186, 597 273, 363 896. 261 1,356,221
Fall chl nook sal mon -- 473,027 517.591 990, 618
Coho sal non 517, 501 -- 436, 116 953, 619
St eel head 346, 354 270.633. 177.226. 794,213
1, 050, 452 1,017,023 2,027,196 4,094, 671

a/ Results in Slatick et al. 1981.

b/ Results in Slatick et al. 1980.
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St eel head Experinents

Returns of adults from the 1975 experinmental releases of snolts are
essentially conplete. The final analysis of results, wth statistical
treatment , for each of these experinents is presented in this report. Data
on adult returns from the 1979 and 1983 experimental releases of smolts are
i nconpl ete. Prelimnary results from the 1979 experinents, based on
| -ocean returns in 1980, were previously reported (Slatick et al. 1981).
Additional results on these experiments will not be reported until 1982
when adult returns are conplete and final analyses can be prepared. St ocks
of fish used in the 1980 experinents are dom nant 2-ocean and are not

expected back as aduits until 1982 and 1983.

Dwor shak- 1978

Experinentai Design and Background. --Steel head reared at Dworshak

Nati onal Fish Hatchery (NFH) are indigenous to the North Fork of the
Ciearwater River and mgrate 504 miles before reaching seawater. Previ ous
NMFS studies (Park et al. 1980) showed that steelhead of Dworshak NFH
origin that were intercepted at Lower Granite Dam [River Mle (RVM 431] and
transported to Bonneville Dam (RM 145) hoaed successfully to Dworshak NFH.
The goal of the 1978 work at Dworshak NFH was to determine if exposure to
at least 48 h of hone streamwater (North Fork of Clearwater River) would
assure honing in juvenile steelhead that were denied all natural mgration
above Bonneville Dam

The 1978 test design included a control group released at Dworshak NFH
into the Xorth Fork of the Cearwater and two test groups transported from
Dworshak NFH to a rel ease site below Bonneville Dam  Test fish were taken
from the normal reconditioned water supply in System#3 by punping them
t hroough irrigation pipe into raw North Fork Clear-water River water in

System #2 raceways, where they were held for 6 days prior to transport.



One test group was noved to Lew ston, |daho, (RM 463) by truck, then barged
through the normal mgration route. The other test group was noved by
truck to the release site bel ow Bonneville Dam  Additional details of the
experinental design are given in a previous report (Slatick et al. 1981).

Results. --Previous results have been discussed in considerable detail
(Slatick et al. 1981). Additional adult returns have been mniml and have
not changed the results previously reported. Tot al returns wth
statistical treatment of results are sumarized in Table 2. Esti mat ed
recoveries in the fisheries and actual returns to the hatchery are
sumarized in Table 3. Mjor findings were:

1. Survival was enhanced by transporting fish around dans. Adul ts
fromthe barged group returned at significantly higher rates (P<O G5, df =
1) than the controls except at Bonneville Dam where nunbers were
insuff icient to detect differences (Table 2). Total contribution (adult
return percentage) to user groups was 1.86% for barged fish, 1.39% for
trucked fish, and 0.83% for control fish (Table 3).

2. Homing of both barged and trucked groups was inpaired as |ndicated
by test to control ratios. A ratio of over 51 was Indicated for
transported fish in the lower river conpared to 1.63:1 for barged, and
0.96:1 for trucked fish back at the hatchery (Table 2).

3. Even though homing of both test groups was inpaired, sufficient
hom ng cues were inparted to fish in the barged group to cause a
significantly higher (P<O. O, df = 1) return of barged fish than control
fish to the hatchery (Table 2).

Di scussion>--The majority of Dworshak NFH steel head return to the
Columbia River System as 2-ocean age adults. Effects of transportation and
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Table 2 .--Returns to five ssmpling locstions and to the Duorshah homing sfte of steelhsead

from control and test releascs of smolts imprinted to the Dvorshak NFH in 1978. Mecoveries
were from September 1979 to 12 May 1981,
Sampling No. of ndullv!, Adultﬂl Teot
location Control Nuzber Tecaptured return to

and or juveniles l-ocean  2-ocesn Total 2 of control
eaperiment test relessed age age 1462 juvenilas ratio
Bonueville b-lr!/

Dworshak Control 30,074 1 13 14 0.047

Trucked Test 20,661 b4 14 15 0.32) 6.82:1 NS

Barged Test 24,006 1 B 9 0.158 3.36:1 NS
Indsan (l-h:rzgl

/ _

Duorshak Control 100, 600 £ 1 19 40 0.040

Trucked Test 20,6¢1 1 &4 45 0.218 5. 45: 1 a%

Barged Test 24,006 2 51 53 0.221 5.53:1%*
Hchary DOIE/

Iworshak Control 30,074 3 18 21 0.070

Trucked Test 20,661 0 & & 0.088 1.26:1 =

Barged Test 24,006 1 8 9 0.158 2.26:1 =
lower Cranite Dll!,

Dvorshak Control 30,074 14 170 184 0.612

Truched Test 20,6¢1 2 15 12 0.352 0.58:1 ee

Barged Test 24,006 1 &8 49 0.930 1.52:]1 e»
Clearvater and Snake River sport fishery

Dworshak Contrcl 100, 600 1 75 76 0.076

Trucked Test 20,661 0 ] 8 0.039 0.51:1 NS

Barged Test 24,006 0 20 2b 0.146 1.92:]1 »e
Duorshak hozing site

Ivorshak Control 100,600 26 249 215 0.273

Trucked Test 20,661 1 s3 54 0.261 0.96:1 NS

Barged Test 24,006 [ 101 107 0.446 1.63:1 we
Total braoded 74,741 62 938 1,000

Wire-tagged only 70,526

s/ Because of diflerences in saspling intensity (efficiency) at each trapping site,
results are not cocparable betwveen sites.

b/ Dsta froe branded fish only.

/ Dats lrox ccded wire tags only.

4
d/ Adjusted for the difference in detectability betueen binary and color-coded wire
tepys as indicated by returns to Dworshah Hatchery.

e/ A total of 100,600 vere wire tagged for Lhe hatchery control release, of this nusber
- 30,074 were branded for inriver adult crvalusrion.

NS Nonsignificsnt

- F<0.05,df= 1; indicates significant difference between the test and control group.

as  P<D.0),df= 1; indicates significant difference betveen the test and contro]l group.



Table 3.--Mnikum estinated recovery of 2-ocean age steelhead in Indian fishery
(Zone 6), Cleat-water River harvest, and actual recoveries at Dworshak NFH
homing site fromcontrol and test releases of snolts inprinted to the Dworshak
NFH in 1978.

Sunber and % of 2-ocean age adults recovered

Controlb/ Truck b, Bar ge b/
Recover.\_za, (100, 600)— (20,661)— (24,006)—
location=’ N A N 4 N %
I ndi an fishervs/ fall 102 27 50
(zone 6) . spring 15 107 105
Tot al 117 0.116 134 0. 647* 155 0. 645*
O ear - vat er Riverd’ 471 0. 468 100 0.484 Ns 191 0. 796*
har vest
Dwor shak NFH 249 0.248 53 0. 257 NS 101 0.421*

(homng site)

TOTAL 837 0. 832 287 1.389" 447 1. 862*

al Because of differences in recovery (efficiency) at each location, results are
not conparable between sites.

b/ nUMBER of juveniles rel eased.

c/ Estinmated RECOVERI ES based on sanpling of the Zone 6 Indian fishery.

d/ Estinmated recover;: of both Indian and sport fisheries based on total estinated
Clearwater River harvest by ldaho Fish and Gane--personal conmunication with

Steve Pettit IFG

NS Sonsignificant.

* P<0.05, df = 1; indicates significant difference between the test and control
group.



imprinting on the survival and honming of the test groups which were trucked
or barged are denonstrated by recoveries in the two principal fisheries
(Zone 6 Indian fishery and Cearwater River harvest) and returns to the
Dwor shak NFH homing site. The total estimated (mnimum recovery of
2-ocean age adults was 1.389% for the trucked fish, 1.862% for the barged
fish, and 0.832% for the control fish (Table 3). These figures reflect the
i ncreased survival and subsequent contribution to user groups of the test
lots which were transported directly fromthe Dworshak NFH conpared to the
hi gher 1osses from the control lot (nontransported from Dworshak NFH). As
di scussed previously by Slatick et al. (1981), the difference in rate of
return of test and control fish is even nore inpressive when one considers
that approximately 67% of the control fish surviving to Lower Ganite Dam
were also transported bel ow Bonneville Dam

Homi ng was inpaired as indicated by the difference between the test/
control ratios of both groups (5.5:1) in the Indian fishery as conmpared to
the test/control ratios back at the hatchery of 0.96:1 for trucked fish and
1.63:1 for barged fish. Since survival of both groups were conparable
(simlar test/control ratios in Indian Fishery), the difference in
test/control ratios back at the hatchery indicates that barged fish had a
greater ability to home back to the hatchery than trucked fish.

The inpaired homng resulted in a | arge nunber of the test fish
del aying or remaining in the Bonneville Pool as evidenced by the catches in
the Indian Fishery. Nearly 90% of the control fish were taken in the fai
fishery during the ustream nigration. In contrast, nearly 75% of the test
fish taken were those that had overwintered in the Bonneville Pool and were

caught in the spring gillnet fishery (Table 3).
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A key point to keep in mind is that even though honmi ng of the barged
group was inmpaired, there were still enough fish inprinted to provide a
significantly greater (PO, df = 1) percent return to the hatchery and
to the Clearwater River sport fishery than those rel eased at the hatchery.
These positive data led to the devel opnment of a nore el aborate followp
study, funded by BPA, in 1982 to determine if differences in tine release
and/or levels of gill Nat-K+ ATPase (difference in snolting activity)

woul d result in an increased ability to home to the hatchery.

Tucannon- 1978

Experi nent al Design and Background.-The objective of the 1978

Tucannon Hatchery (WG homing test was to deternine if sequential exposure
to hatchery and migration route waters prior to release would ensure honing
of returning adult steelhead.

The spring water portion of the hatchery water supply was used as the
initial homing cue. Two groups of fish which had been nmintained on 100%
Tucannon River water were renoved fromthe hatchery ponds and held in a
tank truck while the conmposition of the water supply to the ponds was
al tered. The fish were then returned to the ponds, one of which contained
100% spring water, and the other a 20:80% m xture of spring and Tucannon
River water. Following a 48-hour holding period, the fish were transported
by truck around the 34 niles of the Tucannon River they would have
encountered during a natural outmigration, and |oaded into a barge noored
on the Snake River at Lyons Ferry Grain Terminal (RM 386). Ensui ng barge
transport to the release site below Bonneville Dam (RM 140) provi ded

sequential exposure of test fish to Snake and Colunbia R ver waters al ong

11



t he barge route. A control release into the Tucannon River could not be

made because of nanagenent restraints. A group of marked steelhead
rel eased by the WDG into the Grande Ronde River (RM 493) served as the
control release for this experiment. Additional details of the experinental

design are given in a previous report (Slatick et al. 1981).

Results.-- Previous results have been discussed (Slatick et al. 1981).
Additional adult returns have not substantially changed the results
previously reported. Total returns with statistical treatnent of results
are summarized in Table 4. Estimated recoveries in the fisheries and back
at Lower Granite Dam are summarized in Table 5. M scel | aneous returns in
sport fisheries and hatcheries are summarized in Appendix Table Al.  Mjor
findings were:

1. Returns of adults indicate that the nethods used in 1978 were
unsuccessful in returning the test groups of steelhead to the Tucannon
Hat chery homing site. No fish were recovered at the hatchery or in our
sanmpling of the Tucannon River.

2. lnmprint nmethods used, however, did inplant sufficient homing cues
to enable as many of the spring water barge group to return to the Snake
River as the control fish (1.06:1 test/control ratio at Lower Granite Dam
(Tabl e 4).

3. The higher test/control ratios at Bonneville Dam and in the Indian
Fi shery as conpared to Lower Granite Damindicate that a substantial nunber
of the test fish failed to inprint to the Snake River (Table 4).

4. There was no straying of test fish into the Colunbia River above
the confluence of the Snake River based on sanpling at Priest Rapids Dam
and the sport fishery. By conparison, five of the control fish

12



Table 4.--Completereturns to four sampling locations of
TucannonHatchry in

control and test releases of smolts from the
imprinted to the Tucannon Hatchery and trucked to a barge on the Snake River BE Lyons Ferry
then barged downriver to below Bonneville Dam. Control fish were released

Recoveries were fromJune 1979 to 30 November 1981.

grain terminal, and
into the Grande Ronde River.

1-2-and 3-ocean age steelhead from

1978. Test fish were

Sampling / Adult Test

location Control Number No. of adults recapturedE return to
and or juveniles l-ocean z-ocean 3-ocean Tota %o f control

experiment test released age age age 1. 2,&.3's juveniles ratio

released

Bonneville Dam

Grande Ronde River Control 55,557 0 9 15 24 0.043

100% spring water Test 18,137 1 27 28 56 0.309 7.19:1*
20% spring water Test 18,549 0 6 22 28 0.151 3.51:1”

Indian fishery

Grande Ronde River Control 0 4 7 0.013

100% spring water Test 0 23 2 27 0.149 11.46:1%
20% spring water Test 1 20 5 26 0.140 10.76:1%

McNary Dam

Grande Ronde River Control 0 1 0.002

100% spring water Test 1 3 0.017 8.50:1 NS
20% spring water Test 0 7 0.038 19.00:1 NS

Lower Granite Dam

Grande Ronde River Control 0 87 20 107 0.193

100% spring water Test 1 33 3 37 0.204 1.06:1 NS
20% spring water Taest 1 9 0 10 0.054 0,28:1%

TOTAL 92,243 4 228 101 333

&/ Because of differences in sampling intensity (efficiency) at each trapping site, results
are not comparable between sites.

N8 Nonsignificant

* P< Q.05, df = 1; indicates significant difference between the test and control group.

13



rel eased in the Grande Ronde River were recovered in the Wnatchee River
sport fishery Appendix table Al). This would indicate that straying can be
caused by a nyriad of reasons, not just transportation and |ack of
i mprinting.

5. Survival was enhanced by transporting fish around dams as evidenced
by the significantly higher (P<O G, df = 1) rate of returns of test fish
over control fish at Bonneville Damand in the Indian Fishery. Rate of
return of test fish to McNay Dam was also much higher than returns of
control  fish, but  nunbers were insufficient to detect significant
differences (Table 4).

6. The conbination of inpaired honming and enhanced survival of
transported fish resulted in barged rel eases providing approxi mately 10
times as many fish to user groups as control fish (total recovery in
fisheries and to lower river hatcheries-0.570% for barged fish vs 0.054%
for control fish) (Table 5).

Di scussion .--Barged fish contributed over 13 tines as many fish to the
I ndi an Fishery as control fish (Table 5). Besi des higher survival, the
mai n reason for the higher catch rate of test fish was probably the fact
that many of the test fish were not inprinted, nmlled or remained in the
vicinity of their original release site, and were therefore nore
susceptible to the fishery. Recoveries of this stock of steelhead at Lower
Ganite Damindicate they enter and migrate up the Colunbia River early in
the season. In 1980 and in 1981, 80% of the controls and 100% of the 100%
spring water fish had passed Lower Ganite Dam by 1 Septenber.
Therefore, the mpjority of returning adults bearing a positive Snhake River
i mprint noved through the | ower Colunbia River before the fall Zone 6
Indian fishery was opened. Those fish that did not receive an upriver

homi ng inmprint renmined in the Bonneville pool area. If they did nove

14



Table 5. --Mnimum estinated recovery of steelhead in Indian fishery (Zone 6), and
at Lower Granite Dam sampling site, and actual recoveries in the sport fishery
and hatcheries below Lower Ganite Dam from control and test releases of snolts
imprinted to the Tucannon Hatchery and the Grand Ronde River in 1978.

Number and % of adults recaptured

Location and Control 100% spring yater 207 spring water
period of (55,557)2/ (18,137g97 (18_.547ghy
recovery— N % N % N %
I ndi an fisheryc—/
(Zone 6)
Fal | 5 25 36
Spring 12 52 37
Subt ot al 17 0.031 77 0. 425 73 0.394
Sport fisheré?s &
hatcheries—
Fal | 13 36 23
Spring 0 0 0
Subt ot al 13 0.023 36 0.198 23 0.124
Tot al 30 0. 054 113 0 623£/ 96 0‘5182/
Lower Granite pam®’
Fal | 437 149 39
Spring 0 0 0
Tot al 437 0.787 149 0.822 39 0.210
G and Total 467 0. 841 262 1.444 135 0.728

a/ Because of differences in recovery (efficiency) at each location, results are
not conparabl e between sites.

b/ Number of juveniles released.

_cl Estimated recoveries based on sanpling the Zone 6 Indian fishery.
d/ Actual recoveries.

e/ Estimated recoveries are based on recoveries of jaw tagged versus coded wire
tagged only adult steel head at hatcheries upriver from Lower G anite Dam from
control and test releases of juveniles from the transportation study in 1978.

f/ Total for barged fish: 113 + 96 209

18,137 + 18,547 = 36,684 = 0.570
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upstream they did not migrate up as far as Lower Granite Dam No marked

fish were recovered in the spring at Lower Granite Damin either 1981 or

1982, By contrast, substantial nunmbers were caught in the spring (Zone 6)

fishery (Table 5). Additional evidence from the lack of returns to wupriver
sport fisheries and hatcheries as contrasted to a large catch in the
Deschutes River, other sport catches in the lower river, and the returns to

| ower river hatcheries (Appendix Table Al) strongly suggest the adults

returning fromthe test groups remained in the Bonneville area.

At lower Granite Dam 3.8 times as many fish returned from the 100%
spring water group as returned from the 20% spring water group. Sanpl i ng
of the 1978 juvenile migration at Jones Beach (RM 47) (Dawl ey et al. 1979)
al so showed a 3.8: 1 difference between the 100% and 20% spri ng wat er
groups, respect ively. From t he Jones Beach juvenile sanmpling, it would
appear that the differential survival between test groups occurred in the
Lower Colunbia River between the barge release site near Bonneville Dam and
t he Jones Beach sanpling site. It cannot be determi ned whether the cause
of this difference between the test groups was due to nortality or a |ack
of smoltif ication. Test fish appeared to be healthy at tine of release,
and were rel eased on 17 May, slightly after the peak of the gill Na+-K+
ATPase activity (Novotny et al. 1979). The smolts, which nigrated, noved
rapi dly downriver passing Jones Beach between 20 May and 2 June.

The data obtained from this study indicated that techniques used could
enhance survival and provide a partial homing cue to the Snake River.
Because of this, the WDG and NMFS initiated a followup study in 1980 using
Chel an Hatchery stock. Controls were released in the Walla Walla R ver and
test fish trucked to Dalton Point (See Slatick et al. 1981 for nore detail
on test procedures). No adult return data will be available until

1982- 1983.
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Wl | s- W nt hrop- 1978

Experinental Design and Background .-The object of this experinent

was to inprint steelhead fromthe Wells Hatchery (WG with a homng cue to
the Wnthrop NFH (a hatchery other than the hatchery of origin) on the
Methow River and determine if a single or sequential homing inmprint wll
cause steelhead to return to the Wnthrop NFH honing site

The experinental design used five groups of steelhead of aproxi mately
20,000 fish per group; a control group held 2 days at Wnthrop NFH prior to
rel ease at the hatchery, the production release made directly into the
Methow River 0.25 mle upstreamfromthe nmouth, and three transport groups
Transport groups were held 2 to 8 days at the hatchery in an attenpt to
inprint themto the hatchery water prior to transporting them downriver by
barge or truck. One group was then trucked in raceway water and rel eased
at Ringold, Washington; the second was trucked in raceway water to a barge
at Richl and, Washington, and barged downstream to bel ow Bonneville Dam the
third group was trucked in raceway water to a release site bel ow Bonneville
Dam Eval uation was based on conparisons of adult returns from transport
rel eases and the production release with those released as controls at the
hat chery. Additional details of the experimental design are given in a
previous report (Slatick et al. 1979).

Results--Previous results have been discussed in detail (Slatlck et

al. 1981). Additional returns in 1981 to the in-river sanpling sites and
to the sport fishery completes the expected returns of adults fromthis
experinment. Total adult returns with statistical treatnent of results are
summari zed in Table 6. Estimated contributions to the Indian and sport

fisheries are sunmarized in Table 7. Major findings were:

17



Table 6.--Complete returns to five sampling locations of 1-2-snd 3-occean age steelhead from control
and test releases of smolts from the Wells Hatchery which were imprinted to the Winthrop NYB homing site
and the Methow River in 1978. Recoveries were from June 1979 to 30 November 1981.

Experiment . Adult Test
and Contiol Number __Number of adults recaptured= return to
sampling Beming or juveniles l-ocean 2-ocean 3-ocean Total % of control
ljocation site test released age age age 1,2J&3's juveniles ratio

Benneville Dam

Winthrop NFH Winthrop Control 20,330 4 1 0 5 0.025

L. Methow River Methow R. Test a/ 19,901 8 4 1 13 0.065 2.6:1 NS

Truck to Bonneville Winthrop Test 19,131 26 5 5 36 0.188 7.5:1 %

Barge to Bonneville Winthrop Test 19,979 14 7 4 25 0.125 5.0:1 *

Truck to Ringold Winthrop Test 17,637 23 5 2 30 0.170 6.8:1 =*
Indian fishery

Winthrop NFH Winthrop Control 7 1 0 8 0.039

L. Methow River Methow R. Test a/ 12 2 ] 14 0.070 1.8:1 NS

Truck to Bonnevilie Winthrop Test 29 14 2 45 0.235 6.0:1 *

Barge to Bonneville Winthrop Test 19 11 1 31 0.155 4.0:1 *

Truck to Ringold Winthrop Test 13 3 1 17 0.096 2.5:1 #
McNary Dam

Winthrop NFRH Winthrop Control 18 2 0 20 0.098

L. Methow River Methow R. Test a/ 28 6 0 34 0.171 1.7:1 *

Truck to Bonneville Winthrop Test 85, 4 0 89 0.465 4,7:1 *

Barge to Bonneville Winthrop Test 52. 5 0 57 0.286 2.9:1 *

Truck to Ringold Winthrop Test 62 4 0 66 0.374 3.8:1 %
Priest Rapids Dam

Winthrop NFH Winthrop Control 33 5 0 38 0.187

L. Methow River Methow R. Test a/ 44 11 0 55 0.276 1.5:1 NS

Truck to Bonneville Winthrop Test 32 13 0 45 0.235 1.3:1 NS

Barge to Bonneville Winthrop Test 14 8 0 22 0.110 0.6:1 *

Truck to Ringold Winthrop Test 63 17 0 80 0.454 2.4:1 *
Kinthrop Homing Site

Winthrop WFH Winthrop Control 18 0 - 18 0.089

L. Methow River Methow R. Test a/ r 0 - 1 0.005 0.06 NS

Truck to Bonneville Winthrop Test 1 0 - 1 0.005 0.06 NS

Barge to Bonneville Winthrop Test 1 0 - 1 0.005 0.06 NS

Truck to Ringold Winthrop Test 1 0 - 1 0.006 0.07 NS
"~ TOTAL . 98,978 608 178 16 752

a/ WDG production release

b/ Because of differences in sampling intensity (éfficiency) at each trapping site, results are not
comparable between sites.

NS Nonsignificant

* P < 0.05, df = 1, indicates significant difference between the test and control group.

18



61

Table 7.--Estimated revocery in the sport and Zone h Indian f fisheries of
jes fromthe

and test releases of juveni
March 1981.

1978 Wl |l s-W nt hrop experinent.

Sport fishery-"

Jdllt steelhead returnig form control
Recoveries were fromlJine 1979 to

Contr ol Numberé/ Lower Entiat & T
or juvenil es  Colunbia Ringold Vénathchee Methow I nd 1;‘”‘;/ Total Test to
test rel eased Ri ver area ara area fishery recovery control
groups .- M) (V) (N) (N) Total ((N) ratio
W nthrop NFH
(control) 20,330 0 0 0 54 54 27 81 0.398
Lower Methow River "
(prod. rel. site) 19,901 0 17 14 136 167 47 214 1. 075 2.70:1
Truck to Bonneville
(test) 19,131 0 158 60 18 236 145 381 1.992 5.00: 1%
Barge to Bonnevi 11le
(test) 19, 979 14 10 3 13 5 135 100 235 1.176 2.95:1*
Truck to Ringold
(test) 17, 637 14 52 53 41 160 53 213 1.208 3.04: 1"
TOTAL 96,978 28 330 140 254 752 372 ,124 1.159

al  FromHisata et al. 1979-80, and Schuck et al. 1980-81.

b/ adjusted for initial tag |oss.

¢/ Estimated recoveries based on sanpling ef ficiency of the Zone 6 Tndian Fishery.

*

P,O 0.5 df =1 indicates significant difference between test and control

rel eases



1. Although inprint nethods used in these experiments were not
successful in returning fish to the homng site, they did inplant a limted
hom ng cue which enabled approximtely 60% of the returning adults
transported as juveniles to home to areas above McNary Dam  This is based
on the average difference in test/control ratios between Bonneville and
McNary Dams (Table 6).

2. Homing above that point was further inpaired as indicated by a
decline in test/control ratios for all three transport groups at Priest
Rapi ds Dam The difference in test/control ratios at Priest Rapids Dam
reflects the varying degree of homing cues that resulted from each
treatment. The test group trucked to Ringold (2.4:1) was highest, followed
by the group trucked to Bonneville (1.3:1), and the group barged from
Richland (O6:1) (Table 6).

3. Data obtained fromthe sport fishery (Table 7) generally verified
the data obtained from sanpling at Priest Rapids Dam O the total sport
catch, Ringold releases resulted in the highest proportion (58X-94 fish)
caught in the fishery above Priest Rapids ; trucked fish released at
Bonneville Dam were next at 33% (78 fish); whereas only 14% (18 fish) of
the barged fish were caught in the sport fishing areas above Priest Rapids
Dam O those transport fish that were caught above Priest Rapids Dam
nore than twice as many of the Ringold group, conpared to the other two
transport groups, were able to hone to the Methow River as evidenced by the
Met how River sport catch (41 fish from Ringold, WAshington, vs 18 from
those trucked to Bonneville Dam and only 5 from those barged to Bonneville
Dan) .

4. I npairnment of honming was al so evident by the nunbers of fish
straying into the Snake River system where they were nonitored at Lower
G anite Dam (Snake River Mle 107). Recoveries of marked fish show that
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al though sonme straying occurred fromall transport groups; the only mgjor
number of strays were fromthe trucked-to-Bonneville Dam test group
(Appendi x Table A2).

5. Transporting fish around danms significantly enhanced survival. Up
to 7.5 tines as many transported fish returned as adults to the Bonneville
Dam sanpling site as controls. Survival of the trucked group was highest
(7.5:1) (Table 6). Returns to the sport fishery provided additional
verification that survival of trucked fish was higher than the treatnent
utilizing both trucking and barging. Total contribution to user groups was
nearly 2% for the trucked fish vs 1.2% for the truck-barge group.

6. Significantly higher survival (P<O G, df = 1) of the transport
groups resulted in the transported fish contributing significantly greater
nunbers of fish (P<O. 0, df = 1) than the control fish to the sport and
Indian fisheries (Table 7). Overall, the total contribution fromthe
transport releases to various sport and Indian fisheries was 829 fish or
over 1.5% of those released conmpared to 295 fish for those released in the
Met how Ri ver or 0.7% of those rel eased.

7. Survival of the Wnthrop control release was significantly |ower
(P<O. G, df = 1) than the Lower Mthow River production release based on
recoveries of adults in the Indian and sport fishery and at Bonnevil!e and
McNary Dans. The lower survival probably resulted from nortality during
the juvenile outmgration in 1978. Sanpling of the 1978 snolt outmgration
at McNary and John Day Dams in 1978 showed that the | ower Mehtow production
rel ease group had a three times greater survival than the Wnthrop NFH

control group at both of these juvenile sanpling sites.i/

I/ Per sonal Communi cat i on, Carl Sins, NWS NWAFC, 2725 Montl| ake Bl vd. E.,
Seattle, WA 98112.
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8. The various transport releases provided 531 (752 minus 54 Wnthrop
controls and 167 Lower Methow production release) fish (nearly a 1%return)
to the various sport fisheries. Most were caught in the Ringold area
(Table 7). This conpares to a 0.5% return for those rel eased by WG at
Ringold Hatchery (Hi sata et al. 1979-80; Shuck et al. 1980-81). The
ability to increase the sport harvest in selected areas by providing a
limted homing inprint and enhancing survival by transporting snolts by

truck around dams could be a useful tool for future management of these

m d- Col unbi a Ri ver stocks.

Chel an- Leavenwort h- 1978

Experi nental Design and Background.-- The object was to determ ne the

length of tine required to inprint steelhead from Chel an Hatchery (VDG
with a honming cue to the Leavenworth NFH homing site (a hatchery other than
the hatchery of origin) and to determine if holding fish at Leavenworth NFH
in conbination with a sequential homing inprint (induced by barging) will
cause adult steelhead to return to the Leavenworth NFH site.

The experinental design (by Larry Brown, WDG used three paired
test/control groups, of approximately 24,000 fish per group, held at
Leavenworth NFH 10 days, 2 days, and 4 h. The test groups were transported
by truck fromthe Leavenworth NFH homing site to a barge at Richland,
Washington, and then down river to a release site bel ow Bonneville Dam
Controls were released directly into the Icicle River. Additional details
for the experinental design, number of fish per group, etc., are provided
in a previous report (Slatick et al. 1979).

Results. --Previous results have been discussed in detail (Slatick et
al. 1981). Additional returns in 1981 to the in-river sanpling sites and
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to the sport fishery conplete the expected returns of adults fromthis

experiment. Total adult returns by treatment group with statistical
treatment of results are sunmarized in Table 8. Estimated contributions to
the Indian and sport fisheries are summarized in Table 9. Maj or findings
wer e:

1. Inprint methods used, conbined with a truck-barge transport of fish
were unsuccessful in returning fish to the upper river and back to the
homng site. Test/control ratios of returning adults to the five sanpling
locations illustrate the increasing loss of homng as these fish nmoved
upstream The adults from npbst of the various test groups returned to
Bonneville Dam and the Indian fishery at a significantly higher (P<Q b,
df = 1) rate than the control fish. By the time these adults reached
Priest Rapids Dam there were significantly greater numbers of control fish
than test fish (P<O G, df = 1) (Table 8).

2. The inpaired honming above Bonneville Dam resulted in an
acconpanying delay in mgration. As a result of this delay, test fish,
especially the 10-day inprint group, were nore vulnerable or available to
the Indian gill-net fishery as evidenced by the |arge nunber of test fish
recoveries fromall treatnments in this fishery. Delay in the Zone 6
fishery area is further denonstrated by recovery of 29 test fish and 1
control fish in the 1981 winter fishery (Appendix Table A4).

3. The npost apparent |oss of homing for the transported groups, as
with the Wells-Wnthrop experinent, occurred in the 104-nile section of
river between MNary and Priest Rapids Dans. This was verified by the
average 0.17:1 test/control ratio at Priest Rapids Dam (Table 8) and the
recoveries of test and control fish in the major sport fishery areas (Table

9). Most of the test fish were caught below Priest Rapids Damin the
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Table 8.--Complete returns to five sampling locations of |-, 2-, and 3-ocean
age steelheed from paired control and test releases of smolts from the chelan
Hatchery which were imprinted to the Leavenworth NFH homing sire in 1978. The test
juveniles were transported from the Leavenworth NFH by truck to a barge at Richland,
Washington, and then barged downstream to below Bonneville Dam. Recoveries were

from June 1979

to 30 November 1981

Observed
Experiment adult Test
and Control Number Number adults recpatured-E’ returns to
sampling Or juveniles |-ocean 2~pcean 3-ocean Total “of control
location test released age age age 1.2 & 3"s juveniles'ratio
10 DAY IMPRINTING
Bonneville Dm Control 24,119 16 2 0 18 0.075
Test 22,841 27 4 0 31 0.136 1.81:1%
Indian fishery Control 10 2 0 12 0.050
(Zone 6) Test 49 18 0 67 0.293 5.86:1%
McNary Dam Control 32 3 0 35 0.145
Test 27 18 2 39 0.171 1.18:1/N5
Priest Rapids Dam Control 47 2 0 49 0.203
Test 9 0 0 9 0.039 0.19:1%
Leavenworth homing Comtrol 20 2 22 0.091
site Test 1 0 1 0.004 0.04:1%
TOTAL 46,960 238 43 2 283
2-DAY IMPRINTING
Bonneville Dam Control 23,707 5 2 0 6 0.029
Test 21,694 38 4 0 42 0.194 6.69:1%
Indian fishery Control 29 1 0 30 0.126
(Zone 6) Test 34 19 0 53 0.244 1.94:1%
McNary Dem Control 31 3 0 34 0.143
Test 52 11 3 66 0.364 2.13:1%
Priest Rapids Dam contral 47 10 0 57 0.240
Test 5 1 0 6 0.028 0.12:1%
Leavenworth  homing Control 23 2 25 0.105
site Test 1 0 1 0.005 0.05:1%
TOTAL 45,481 265 53 3 321
4-HOUR __ IMPRINTING
Bonneville Dan Control 21,957 6 1 0 7 0.032
Test 23,551 12 0 0 12 0.051 1.59:1 NS
Indian fishery Control 16 3 0 19 0.087
(Zone 6) Test 47 12 0 59 0.251 2.89:0%,
McNary Dam Control 26 5 0 31 0.141
Test 29" 6 0 35 0.149 1.06:1 NS
Priest Rapids Dam Control 47 2 0 49 0.223
Test 7 2 0 9 0.038 0.17:1%
Leavenworth homing Control 20 4 24 0.109
site Test 1 0 1 0.004 0.04:1%
TOTAL 45,508 211 35 0 246
GRAND TOTAL 137,949 714 131 5 850

L]
a/ Because of differences in sampling intensity (efficiency) at each trapping site.

results are not comparable between sites.

N S Nomsignificant

% p<0.05,

df = 1; indicates significant difference between the test and control group.
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Table 9.-~Fstimated recovery of adult steelhead returning from control and test releases of juveniles from the 1978 Chelan-Leavenworth

experiment in seven sampling locations. Recoveries were from June 1979 to March 1981,
N SR Y AR e e
e Sport fishery—
Control Numberél I,nwvr-(: Entiat &
or juveniles Columbia Ringold Wenatchee Methow Indian
test released River area area area fishery
growps (N ___ (N (N) _ _N) (N Total AN} _
10-Day Imprint
Control 24,119 2 0 190 0 192* 40
Test 22,841 k] 52 9 2 66 222%
2-Day Tmprint
Control 213,787 0 34 253 14 30 1* 102
Test 21,694 4 120 13 0 137 171%
4-Hour Imprint
Control 21,957 0 0 179 15 194 NS 64
Test 213,551 0 153 26 3 182 197%
TOTAL 137,949 9 359 670 34 1,072 796

a/ From Hista et al. 1979-80, and Schuck et al 1980-81.
b/ Adjusted for initial tag loss.

¢/ From observed recoveries--no estimates availahle.

d/ From steelhead trapped at Pricst Rapids Dam for Chelan Hatchery (WDG) brood stock.

L Indicates significant (P<0.05, df = 1) difference between test and control releases.

NS Nonsignificant.

Total Test to
_Tecovery control
- (N S 1% C R
232 0.962
288 1.261 1.31:1
403 1.694
N8 1.420 0.84:
258 1.175
3719 1.609 1.37:1
1,868 1.354
ave. 1.17:1

NS

NS

NS

NS



free-flowing stretch between Ringold and Priest Rapids Dam In contrast
most of the control fish continued their upriver mgrations and were caught
in the Wenatchee sport fishing area or returned to the hatchery.

4. Straying into the Snake River was mninmal based on the few
recoveries at Lower Granite Dam (Snake River Mle 107). Only 15 fish from
the barged groups were observed and none fromthe control groups (Appendix
Table 5).

5 Transporting fish around dans appeared to have significantly
(P<O. b, df = 1) enhanced survival as indicated by the test to contro
rati os at Bonneville Dam (Table 8). However, returns to the fishery
indicated very little difference in test to control ratios (1.17:1) (Table
9). The lack of enhanced survival may have resulted from the truck-barge
met hod used. It's possible that the long truck transport before off-Ioading
in to a barge increased the stress level of the fish and reduced their
survival rate. This was also indicated by the 1978 Wells-Wnthrop
experiment where the test group transported directly to bel ow Bonneville
Dam by truck had higher test/control ratios and produced nearly tw ce as
many adults to the fishery as the truck-barge groups. Additional research
t o optimzenmde of transportation is obviously needed if further direct
transport from hatcheries is contenplated

6. Overall recovery of steelhead to the various wuser groups was
quite high, ranging fromO0.96X to 1.69% of the juveniles released (Table
9). Control releases contributed significantly greater numbers of fish to
the sport fishery than test fish; whereas test rel eases contributed

significantly greater nunbers to the Indian fishery than control releases.
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7. Techniques used in this experiment to inprint and enhance survival
of fish did not provide a positive benefit to the sport fishing areas of
the md-Colunbia R ver.

Sal non Experinments

Anal yses of the 1978 experiments on spring chinook sal mon from Kooski a
Hat chery and coho sal nmon from Carson and Wl lard Hatcheries (Table 1) were
previously reported by Slatick et al. (1980, 1981). Returns of adult coho
salmon fromthe 1980 WIllard experiment are essentially conplete. The
final analysis of results, with statistical treatment, is presented in this
report. Prelimnary analysis of results fromthe 1979 and 1980 fall
chi nodc sal non experinments are also included in this report. Results from
rem ning 1979 and 1980 experinental releases will be reported when adult

returns are conplete.

Coho Sal non-W I 1 ard-1980

Experi nental Design and Background.-The primary objective of this

experiment was to inmplant a homing inprint in juvenile coho sal non
transported and released at various sites below Bonneville Dam for return
as adults to the Little Wite Sal mon River. The study was designed to
det erm ne:

1. Effectiveness of various nethods used to activate a homing inprint
i n coho sal non.

2. Effect of various release |locations on the homing ability and
survival of coho sal non.

3. Effect on survival of fish marked in the fall as juveniles vs the

fish marked as smolting fish in the spring.
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The previous report by Slatick et al. (1981) was quite brief as to the
purpose of this experinent, its application to managemmt of fishery
resources, the usefulness of the Wllard-Little Wite NFH Conpl ex for such
studies, and the need for such research in the Bonneville Pool area. The
fol l owi ng background discussion has therefore been added to this year's
report.

Wllard NFH is part of the Little Wite Salnon-WIllard Hatchery
Conpl ex operated by the LISFWs and | ocated on the Little Wite sal non River
i n sout hwest ern Washington (Figure 3). Coho salnmon released at Wllard NFH
mgrate through 3.5 nmles of free-flowing river before entering slack water
at Drano Lake. \Waters fromthe Little Wite Salmon River remains distinct
in Drano Lake before nerging with the Colunbia River at RM 162.0. A
barrierdam and fish collection facility a few hundred feet above sl ack
water at the Little Wite salnon NFH bl ocks access of returning adults to
Wllard NFH. Al adult coho salmon returning from WIllard NFH rel eases are
collected and held for brood stock at Little Wite Sal mon NFH.

The Wllard-Little Wite Salnmon Hatchery Conplex was chosen as a site
for honming research for both practical and technical reasons. The
availability of production fish for test purposes is a linting factor in
fisheries research, especially for homng studies where adult returns are
not guaranteed. At WIllard NFH the annual production of approxinately 4
mllion coho sal non was | arge enough to allow diversion of fish for test
purposes without affecting the ability of the hatchery to maintain its
brood stock. The major contribution of WIllard NFHcoho salnon Is to ocean
sport and conmercial fisheries. Past experiences with this stock (Slatick
et al. 1980) indicated the contribution would not be seriously reduced and

m ght possibly be enhanced.
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The site was conducive to technical requirements of the study
particularly the recapture of juvenile migrants. The capability of nooring
a fish transport barge in the Little Wite Salnon River armof Drano Lake,
within 200 yards of the Little Wiite Sal non NFH, was al so an i nportant
consideration. A tinely evaluation of the study results would be possible,
since virtually all rack recoveries of adult coho salnon reared at Wllard
NFH are conpleted within approximately 16 nonths after their rel ease as
smol ts.

The results of homing research at the Wllard-Little Wiite Sal mon
Hat chery Conplex have inplications for the future managenent of all
Bonnevil | e Pool Hatcheri es. In the past, releases fromthese hatcheries
have passed Bonneville Dam during periods of high spill. However, with the
compl etion of the second powerhouse at Bonneville Dam a higher percentage
of the river flow and downstream migrants wll pass through turbines.
Turbine passage is expected to increase the nortality of the downstream
mgrants, resulting in |ower adult production. Devel opnent of successfu
net hods for inprinting hatchery fish, coupled with barge transport around
Bonnevill e Dam could be used as a stock enhancement alternative to
increased hatchery production of snolts.

The experinental design called for releases of three control groups
and six test groups of approximately 50,000 nmarked coho sal non each. Two
control groups were released on 23 May at Wllard NPH and one group was
trucked to Little Wiite Sal non NPH and rel eased on 14 May. Three of the
test releases were given a sequential inprint (truck from hatchery to barge
at Drano Lake) and barged from Drano Lake to a single rel ease site bel ow

Bonnevill e Dam on 25 May. The remaining three test rel eases received a
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single inprint (truck from hatcheries) and were trucked to three sites
bel ow Bonneville Dam and released on 21 May at RM 142, 22 May at RM 50, and
23 May at RM 8 (Table 10). (See Appendix Table A6 for additional details.)
Fish were marked with an adi pose clip and coded wire tag by USFWS personnel
for this study. Transfers and rel eases of fish were acconplished with
either a 1,500-gallon hatchery tanker (Control Group #) or a 5,000-gallon
unit (Test Goups |1-6). The CofE provided the fish transport barge (MCabe
et al. 1979) used to transport Test Goups |-3 from Drano Lake to bel ow
Bonnevill e Dam

Recapture of juvenile migrants fromthe Little Wite Sal non River was
attenpted using a self-cleaning scoop trap (Raynond and Collins 1974), but
trap efficiency was too low to supply the 50,000 fish goal for Test Goup 2
(limted mgration). Magrants which entered the water intake to the adult
hol di ng ponds at the Little Wiite Sal nron NFH were captured and used to
suppl erent the trap catch, resulting in a snmaller than desired group of
33,372 finally rel eased.

Spring vs Fall Marking of Coho Sal non.--Handling, and especially

marking of smolted salnonids are generally considered to result in
decreased survival. The inclusion of Test Group 2 (recaptured natural

mgrants) in the study design nade it necessary to mark this group during
the snolting period. To avoid bias, other groups were also nmarked in the
spring. Concern over the possible adverse effect of spring nmarking led to
the inclusion of Control Goup 2 which was nmarked in Novenber 1979. Their
survival was conpared with Control Goup 3 marked in the spring (both were
released in the Little Wite Salnmon River on 23 May). Statistical analysis

of hatchery and ocean recoveries deternmined that there was no significant
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Tablel(-——A comparison between control and test groups of adult coho salmon recovered at the Little White Salwon NFH and in the ocean

fisheries from releases of smolts from the Willard NFH which were imprinted to the Little White Salmon River and released at six

different sites in 1980. Recoveries are through 26 February 1982.

Control a/ Hakchery Ocean

or Rumber— Z of Test to % of Test to
test Release Release Juveniles juveniles control iuveniles comtrol
ZrOUup Treatment site date released Number released ratio Number released ratio
Control groups (natural imprint)
Control 1 Fall mark L. W. Szlmon NFH 14 May 43,045 40 0.093 43 0.100,
Control 2 Fall mark Wiltard NFH 23 May 42,371 107 0.253 128 0.302
Control 3 Spring mark Willard NFH 23 May 51,525 145 0.281 151 0.293
Control 2 & 3

(pooled) Willard NFH 93,896 252 0.268 279 0.297
Barged groups (sequential imprint)
Test 1 Prior event . Boomeville (RM140) 25 May 51,417 75 0.146 0.55:1 104 0.202 0.68:1
Test 2 Limited migration Boamneville (RM140) 25 May 33,732 47 0.139 0.52:1 63 0.187 0.63:1
Test 3 Barged only Bonneville (RM140) 25 May 47,923 79 0.165 0.62:1 104 0.217 0.73:1
Tests 1, 2, & 3

{pooled) Bommeville (RM140) 133,072 201 0.151 0.56:1 271 0.204 0.6%9:1
Truck groups (single impriat)
Test & Simulated releaseB/ Daltoh Polnt (RM142) 21 May 50,786 8 0.016 0.06:1 67 0.132 0.44:1
Test 5 Simulated release  Hammond (RM8) " 23 May 50,619 0 0.0 107 0.211 0.71:1
Test 6 Simulated release Beaver Terminal

: (RM50) 22 May 51,683 0 0.0 102 0.197 0.66:1

Test 5 & 6

(pooled) Estuary areas 102,362 [¥] 0.0 209 0.204 0.69:1

a/ Adjusted for tag loss.

b/ Loaded in truck for 2 h ther released into raceway containing L.W.

Salmon River water for 48 h minimum then transported by truck containing

L.W. Salmon water.



difference (P>00S, df = 1) between Control Goup 2 (fall marked) and
Control Goup 3 (spring narked) recovered in the ocean or back to the
hat chery (Conparison 1, Table 11). Since there was no significant
di fference between Control G oups 2 and 3, they have been conbined to
strengthen the statistical analysis.

Honing. -Homing of the barged groups to the hatchery was quite
effective, as indicated by only a 0.13 difference between the test/contro
ratios in the ocean and at the homing site (0.69:1 and 0.56:1,
respectively) (Table 10). Mst of this 0.13 differential in honming ability
was accounted for in increased contribution to the Indian fishery and
strays into other hatcheries in the Bonneville Dam area (Table 12). Wen
the Indian fishery (Zone 6) and stray fish recoveries are added to the
nunbers of fish which returned to the homing site, the test/control ratio
of adults which returned to the Bonneville area fromthe barged groups was
approximately the same as in the ocean (0.66:1 and 0.69:1, respectively.
The data further indicated that when inprinting coho salnmon smlts to the
Little Wite Salnmon River, the direct truck to barging process alone was
reasonably effective and that additional stimulation or a short natura
mgration was not necessary (Conparison 2, Table 11--no significant
di fference between recoveries of the three barge treatments in either the
ocean or back to the hatchery).

By contrast, the single inprint nmethod (direct trucking from the
hat chery) used in this experinment was unsuccessful for homi ng of adult coho
salmon to the hatchery (homing site). None of the fish trucked and

rel eased at Beaver Terminal and Hammond returned to the hatchery (Table
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Table Il.--Statistical treatment of WIlard NFH coho sal non hom ng experinent.

Recovery area

Conpari son Ccean Hat cher -y

1. Control 2 vs Control 3 NS NS
2. Barge Test 1 vs 2 vs 3 NS NS
3. Truck Test 5 vs 6 SS o
4. Pooled barge (Tests 1, 2, 3) vs pooled truck

(Tests 5& 6) NS
5. Pooled truck (Tests 5& 6) vs Truck Test 4 * o
6. Pooled barge (Tests 1, 2, 3) vs Truck Test 4 * -
7. Pooled barge (Tests 1, 2, 3) vs pooled control

(Goups | & 3) * *
8. Pooled truck (Tests 5 & 6) vs pool ed control

(Tests 2 6 3) * --
9. Control 1 vs pooled Control 2 6 3 * *
10. Pooled truck (Tests 5 & 6) vs Control 1 * - -
11.  Pooled barge (Tests 1, 2, 3) vs Control ¥

* Significant difference between test and control releases (P<0.05 df = 1).
NS Nonsignificant

No test
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Table 12.--A comparison betveen recoveriea in vatioun finherien and as strays to hatcheriesn tn the Columbhias River syrtem
groups ot juvenile coho malmon froam the Willard NI which were imprinted to the Little White Salmon River and released ". aix different 1
nt releane giten in

1980 Recoverier a1 e thrnngh 26 Fehru-ry 1982.

Control

or N”mh"n/ R, Number of adult _recoveries by location
t est Release juvenilen 7one  Youngs C:'l“l“:;‘ Washingt b/ s Natchery -llr;iyl -

i o b

Rronp Treatment Bite released 1-5 Bav Zone & lrrm?n.] ”::::v fonneviTTe ~ Cascade Spring
s mmmmms e s - mmeme—— o : R S - e . Creek
Control groups (natural tmprint) I
Control 1 Fall mark 1.. W. Salmon NFH 43,045 [ 0 1 0 0
Control 2  Fall mark Willard NFH 42,1Nn 0 0 ? o o 0 0 0
Control 3 Spring mark willard NFH 51,525 0 0 7 0 0 é 3 0
RS e e e e . 0
Control 2 3 Willard NFH 93,896 0 o 4 T T Y e e e

(comhined) 1 0
Barged groups_(nequential foprint)
Test 1 Frior event Bonneville (RM140) 51,417 0 0 B 3 0
Test 2 Limited migration Bonneville (RM140) 33,732 0 1 4 1 0 6 2 0
Test ] Bu;ed nnly Bonneville (RM140) 471,923 0 0 5 0 0 : : 0

- e e ——— = —— i 4 S— 0

Teats 1,2, & 3 Bonneville (RM140) 133,072 0 YT P’ -

(combined) 0 15 10 0
Truck groups (single imprint)

[

Tent 4 Sisulsterd release - Dalton Point (RM142) 50, 786 ? 0 1 0 1
Test 5 fimulated release Hammond (RMB) 50,619 2 19 0 0 0 6 10 !
Test b Stmulated releane Beaver Terninal (RM50) 51,683 21 2 0 0 0 i g g
Tests 5 & 6 o Estuary areas T02,30277 733 @ T e 7T 7o —e -

(coabined) 0 2 0 0
a/ Adjusted for tag loss. o -
b/ Columbia River Terminal Finheries are gill-net seasons set by WDF for various lower river locations.

The reported recoveries were taken during early September 1981 in the Skamokows Creek, Cowlitez River, and Grays River units

9/ Loaded in truck for 2 h then released into raceway containing L. W. saluon
water for 48 h minimum then transported by truck containing L. W. salmon
water.

These returna are baxed on nine

it

19
12
16
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10). Instead , these fish returned to the release site area as indicated by
53 recoveries in the lower river fishery (Zone |-5 and Youngs Bay) conpared
to no recoveries above Bonneville Dam either in the Indian (Zone 6) fishery
or the hatcheries (Table 12).

Survival.--Survival neasured by recovery of adults in ocean fisheries
i ndi cates no significant differences (P>090, df = 1) between barged groups
(3) or between the trucked groups released at Beaver Termnal and Hammond
(Conparisons 2 and 3, Table 11). Wth the exception of the Dalton Point
truck release group (RM 142), the ocean contribution of the barged and
trucked groups were basically identical (Conparison 4, Table 11). Both the
barged and lower river truck release groups contributed significantly
(P<O.CS, df = 1) more fish (55% to the ocean fisheries than did the Dalton
Point release group (Conparison 5 and 6, Table 11). The increased
contribution to ocean fisheries of the barged rel eases (RM 140) over the
Dalton Point shore release (RM 142) in basically the same area, indicates
that the mid-river release in the nain channel was nore productive than the
shore release site. However, the eruption of Mount St. Helens could also
have been a factor in the |lower survival of the Dalton Point rel ease
(discussed later).

Survival of the pooled controls (Goups 2 and 3) was significantly
greater (P<O. G, df = 1) than for either the barged or trucked test groups
(Conparisons 7 and 8, Table 11). This was unexpected, since previous
studies (Slatick et al. 1980; Ebel 1970; and M:Cabe et al. unpublished
manuscript) had denonstrated equal or better survival for fish transported
and rel eased bel ow Bonneville Damthan fish rel eased at the hatchery.
Prelimnary data on returning adult fish from fall chinook sal non rel eased
bel ow Bonneville Damin 1979 and 1980 (discussed later in this report) also

indicate better survival of transported fish.
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In addition to the apparent poor survival of transported fish in this
experinment there was an even |ower survival indicated for the first contro
rel ease. Their return rate was significantly |ower (P<O O, df = 1) than
either of the transported groups (Conparisons 10 and 11, Table 11).
Possible reasons for the poor returns of the transport groups and the first
control groups include: (1) stress placed on fish during handling,
marking, |oading, and transportation; (2) bias fromdifferent quality fish
bet ween raceways (fish were not randonized prior to marking); and/or (3)
the eruption of Munt St. Helens.

Wth respect to stress, Control Goup 1 was transported in a
1,500-gallon hatchery truck from WIlard NPH and rel eased bel ow the Little
White Sal non NPH. The other two controls (fall vs spring marking
comparisons) were released at WIllard NPH w thout added handling or
transportation. Two of the barged groups were handl ed and marked within 5
days of rel ease. The third barge group, as well as the truck rel eases,
were marked approxinmately 1 nonth prior to rel ease. It is possible that
the added stress of crowding, |oading, and transportation shortly after
marking could inpact survival. Sal twater chall enge tests for measuring
stress indicated that stress |evels of handl ed and marked fish becone
significantly higher than unmarked fish when those fish are subsequently
handl ed and transported (Park et al. 1982).

Bias could have resulted in rate of return of transported and contro
fish if quality of fish varied significantly between raceways. The

experimental design nade it nearly inpossible to randonmize fish prior to
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marking. The NWFS did request though, that the fish be conparable in size
and wei ght and be representative of the production rel ease.

Mount St. Helens erupted on 18 May and the subsequent peak runoff of
suspended solids affecting the Colunbia River was in place by 19 Muy.
Control Goup 1 inadvertently released on 14 May nmay have been extrenely
i npacted by the relatively hot, turbid flows in the vicinity of the
confluences of the Cowitz River. Data from NMFS sanpling prograns
indicate that juveniles fromthe first control release reached Jones Beach
(RM 47) on 19 May, coincident with the peak runoff from the eruption
(Dawl ey et al. 1981). In contrast, the pooled control (Goups 2 and 3)
arrived at Jones Beach around 1 June, after river conditions had
signif icantiy inproved.

Mount St. Hel ens' may al so have inpacted the test groups. The barged
fish (Test Groups 1, 2, and 3) were released bel ow Bonneville Dam on 25
Yay. Test Goup 4 (Dalton Point), with lower survival, was released on 21,
May 4 days earlier. Test Groups 5 and 6 were trucked downstream and
rel eased directly into the Colunbia River inpacted by Mount St. Hel ens
effluent on 22 May. Timng of the rel eases appears critical. The high
wat er tenperatures and turbidity fromthe eruption only lasted a few days.
Survival of the earlier release of the first control and the Dal ton Point

t est rel ease probabl y wer e affected to sone degree by the
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ef fluent. While not evident from the recovery data, some of the fish in
the remaining test groups which were migrating downriver earlier than
Control Goups 2 and 3 could have been inpacted to a |esser degree by the
eruption. There is evidence from Daw ey et al. (1981) that juvenile
sal monids migrating through the estuary shortly after the eruption were
adversely inpacted by the poor environnmental conditions encountered.
Because of the low runs in 1982 and the fact that simlar stresses have
occurred in previous experiments in which transported fish returned at a
higher rate than control fish, we suggest that the eruption of Munt St
Hel ens may have been the nmajor problemin the reduced survival of the
transported fish in this experinent.

Recommendations .--The data presented have shown that nearly conplete

hom ng of barged fish back to the hatchery can be obtained by trucking fish
fromWIlard NFH to a barge noored in the nouth of the Little Wite Sal non
River, holding them for 24 hours, and then barging them bel ow Bonneville
Dam Unfortunately survival of the transported fish was significantly
| ower than the controls. This nay have resulted from stress inposed by
| oadi ng and transporting, non-random zing of fish prior to marking, and/or
the eruption of Munt St. Helens. Conplications of stress can be overcone
by marking all experimental releases at |east 60 days prior to release, and
i mproving the nethods used to |oad and transport fish. Repeat of this
study in a year without an eruption of Munt St. Helens, random zing fish
prior to marking, and using inproved |oading and transport techniques night
show a nore positive benefit to fish transported to the |ower estuary.
Application of the techniques developed <could lead to increased
contribution of the Wllard-Little Wite Salnon NFH conplex to user groups
while assuring returns of brood stocks to the hatchery.
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Fal I Chinook Sal non-Big Wite Sal mon R ver Rearing Channel -
Stavebolt Creek-1979

The objectives were to: (1) determine if gill Nat+-K+ ATPase enzyne
activity could be used to indicate time periods when fish would be nost
receptive to homing cues, (2) determine if 4-h or 48-h exposures to
Stavebolt Creek water would provide an adequate inprint, and (3) determ ne
if an inprint to Stavebolt Creek would result in honming of fish that were
deni ed exposure to the Lewis and Clark River and Youngs Bay (intermediate
routes between Stavebolt Creek and the release point on the Col unbia
River).

The 1979 Stavebolt Creek homing test utilized 11 marked groups
totaling 473,027 fall chinook salmon of Spring Creek NFH origin. The first
rel ease series was nade between 28 and 31 March, the second between 17 and
22 May, and the third on 26 June 1979. Additional details of the
experimental design are given in a previous report Slatick et al. 1980.

Recoveries to date are for |- and 2-ocean age fish. Additional adult
returns in 1982-83 will be added to these data and provide the basis for
subsequent statistical analysis of the test. To date we have recovered
tags from the ocean fisheries and Col unbia River system Al t hough the
data are prelimnary, they indicate sone interesting trends between the
various treatnent groups.

?lajor trends apparent at this tine are:

1. The survival of fall chinook salnon fromthe test groups in the
first gill Na+-K+ ATPase release are nore than one and one-half ti
as great as the survival of fish fromthe control group. By contrast,

survival of the test fish in the second release were only one-fourth that
of the control release (Table 13).

2. Survival of fish (both tests and control groups) were much greater
fromthe first gill Na+-K+ ATPase release than from the second and
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Table I&-Preliminary recoveries of tags from test and control groups of I- and 2-
ocean age fall chinook salmon taken in the Ocean and Columbia River
fisheries and on the spawning grounds. As juveniles these fish were
held in the Big White Salmon Rearing Channels and then transported
and imprinted to Stavebolt Creek for 4-h and 48-h periods and rel eased in
two locations. Recoveries are from September, 1980 to December, 1980.

al

Esperi nment al Number = Recovery area Col unbi a River area Total
groups rel eased Lewis and Youngs Bel ow Above ota T/C b/
Clark Bay Bonnevi | | e Bonneville recovery Fatio
Ccean  Rjver fishery Dam Dam
X N N N hl N 2z
Na+—K+ ATPase First rel ease’
Control
(Big Vhite Sal npbn 42,419 101 0 0 2 62 165 0.389
R ver release)
Single inprint
(Hammond  rel ease) 44,401 151 4 62 49 6 272 0.613 1-58:1
48 h
Natural inprint
(Stavebolt rel.) 47,337 178 9 63 63 1 314 0.663 1.70:1
48 h
Na+- K+ ATPase Second rel ease
Control
(Big Wite Sal non 47,788 60 0 0 0 43 103 0.216
River release)
Single imprint
(Harmond  rel ease) 95,592 12 1 3 9 0 25 0.026 0.12:1
4 h and 48 h
Natural inprint
(Stavebolt rel.) 95, 821 48 4 10 11 1 74 0.077 0.36:1
4 h and 48 h
Na+- KT ATPase Third rel ease.
Control
(Big Wite Salmon 99, 669 3 0 0 0 1 4 0.004
Ri ver rel ease)
Tot al 473,027 553 18 138 134 114 957

a/  Adjusted for initial tag Ioss.
b7 Test/control ratio is based on total recoveries.
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third rel eases. The 0.56% recovery rate of the first group was over five
times the 0.1% recovery rate of the second release, only three fish (0.004%
were recovered fromthe third release. A factor which influenced the |ower
survival of fall chinook salmon from the second and third rel ease series
may have been the latent effects of pathogenic infections conbined with
stress induced by handling during the experinental releases. A serious
out break of Enteric Redmouth disease (ERM and gill anpeba occurred on fish
held for the third release series in the Big Wite Sal mon Rearing Channel s
(Slatick et al. 1980). Organ tissue fromfish held for the second rel ease
series indicated exposure to sone type of pathogenic Infection--probably
ERY and bacterial ki dney disease (Novotny et al. 1981). Because of the
di sease problem and the reduced survival of the second and third rel eases
it probably will not be possible to determne the influence of gill
NA+- K+ activity on homing (objective 1).

3. Fall chinook salnmn smlts inmprinted to Stavebolt Creek or Hanmmond
are returning as adults to the Youngs Bay fishery area and to the Lewis and
Cark River. By contrast, no control fish have been recovered either in the
fishery or in the river. Returns formthe first rel ease indicate that
inprinting fish to Stavebolt Creek and trucking to Hammond resulted in as
many returns to Youngs Bay as those released In Stavebolt Creek (objective
3). Returns to date are insufficient to determi ne whether 4-h or 48-h
exposures to Stavebolt Creek provide an adequate inprint (objective 2).
No fish were recovered at the Stavebolt Creek honming site in 1981, this
may, however, have been due to dry weather conditions which caused
low water flows In the Lewis and Cark River systemat the time adult
sal non were migrating upstream The nouth of Stavebolt Creek had very
little water at that time, and the adults may have bypassed the honing
site. Spawning gravel in the Lewis and dark River was available 0.25 mle
upstream from Stavebolt Creek, and 18 marked fish were recovered in the
Lewis and Clark River within 3 nmiles of the creek.
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Fal | Chi nook Sal non-Spring Creek-1980

The objective was to inmprint fall chinook salnon for return to the
Spring Creek NFH.  Qur experinmental design consisted of a control group and
two test groups utilizing 259,786 narked fall chinook salnon from Spring
Creek NFH. One experimental group was |oaded directly fromthe raceways
into a barge; the second group passed through a 350-ft transport channel
before being |oaded into the barge. Both groups were given sequenti al
homi ng cues by being transported by barge, initially containing Spring
Creek water and then Colunbia River water, to a release site below
Bonneville Dam  The control group used was narked by USFWS personnel as
part of the fall chinodc salnon hatchery evaluation study (see Appendix
Table A7 for additional details on nunbers marked, treatments, and
experinental design).

Recoveries to date are for jack chinook salnon which returned to
hatcheries in the Bonneville area. Initial recoveries indicate a
substantial survival benefit of the test groups (transported) conpared to
the control group (nontransported). Up to twice as many jack sal non from
the test groups were recovered than were fish fromthe control group (Table
14).

Straying of fish fromthe test group was nore prevalent than from
the control grcup. Approximately 80% of the test fish recwered were
strays to other hatcheries conpared to 13% from the control group.

However, due to the increased survival of transported fish, alnost half as
many fish fromthe test grcups returned to the honming site as did control
fish. The rate of return of test jack salmon to the homing site was four
times higher than returns fromtest jack salmon which had been barged as
juveniles directly In Colunmbia River water In 1977 (unpublished data; Steve
O hausen, USFWs). This suggests that the treatment providing Spring Creek
water initially in the barge substantially inproved honmi ng. Addi tional
mani pul ation of the tine fish are held In Spring Creek water in the barge

prior to release could inprove hom ng.
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Table.14--Prelininary recoveries of fall chinook jack salmon (I-ocean age) at hatcheries
in the Bonneville area from control and test releases of smolts which were imprinted to the
Spring Creek NFH in 1980. Recoveries are through December 1981.

. a
Experimental Numbex—/

Jack chi nook sal non recoveries at hatcheries

Spring
groups rel eased Creek Tot al T/ C
homi ng Bonneville Cascade Little Wite recovery ratio
site Hat chery Hat chery Sal non NFH
N N N N X N %
Control
(Spring Creek
rel ease) 60,500 28 4 0 0 32 0.053
Test #1
(Loased
raceway and
barged) 99,583 21 89 1 1 112 0.112 2.11:1
Test #2
(*oaded
channel and
bar ged) 99,703 17 67 1 0 85 0.085 1.60:1
Total 259,786 66 160 2 1 229
a/ Adjusted for initial tag |oss.
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SUMVARY

Efforts in the fourth year of research on inprinting sal mon and
steel head for homing were concentrated on: (1) recovery of returning
adults from 23 individual experiments in the fisheries, at dams, and at the
hatcheries and (2) final analyses on the conpleted 1978 steel head and 1980
coho salmon experinents and prelimnary anal yses of 1979 and 1980 fall
chi nook sal non experinents. Discrete nmultivariate analysis was used to
statistically conpare test and control treatments of conpleted experinents.
A summary of major findings by experiment follows:

Dwor shak-1978 St eel head

1. Survival was enhanced by transporting fish around dans. Adul ts
fromthe barged group returned at significantly higher rates than the
trucked or control lots in the fishery, at dams, and at the hatchery.

2. Homing of barged fish was better than for trucked fish as
indicated by the same rate of return for barged fish as trucked fish in the
Indian fishery but a significantly higher rate of return for barged fish
than trucked fish at Lower Granite Dam and at the hatchery.

3. Even though homing of both test groups was inpaired, sufficient
hom ng cues were Inparted to fish in the barged group to cause a
signi ficantly higher return of barged fish than control fish to the
hat chery.

4. Estimated contributions of adults to user groups was 0.8% for
control releases, 1.4%for truck releases, and 1.9% for barge rel eases.

Tucannon- 1978 St eel head

1. Inprint nmethods used were unsuccessful in returning adults to
the hatchery but were successful in returning as many of the barged fish
inprinted in 100% spring water as control fish to Lower Granite Dam on the

Snake River.
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2. Those fish failing to inmprint to the Snake River probably remined
in the lower river as indicated by lack of returns to upriver sport
fisheries and hatcheries in contrast to large catches in the lower river
sport and Indian fisheries and some returns to lower river hatcheries.

3. The conbination of inpaired hom ng and enhanced survival of
transported fish resulted in barged rel eases providing approxi mately 10
times as many fish to the user groups as control rel eases (estinated

recovery in fisheries--0.57% for barged fish vs 0.05% for control fish).

Wel | s-Wnt hrop-1978 St eel head

1. Inprint nethods used were unsuccessful in returning adults to the
hatchery but were successful in returning fish with mniml honing
impairment to honing areas above MNary Dam

2. Homi ng above that point was inpaired as indicated by a decline in
test/control ratios at Priest Rapids Dam

3. Fish released at Ringold had the highest proportion homng to
areas above Priest Rapids Dam

4, Transporting fish around dans significantly enhanced survival.
Trucked fish appeared to survive better than those trucked and barged bel ow
Bonnevi 1 le Dam

5. Survival of the Wnthrop control release was significantly |ower
t han t he Lower Met how production rel ease.

6. A total of 531 adults or about LX of those transported as
juveniles were caught in the various sport fisheries. An additional 298
adults were caught in the Zone 6 Indian fishery. The total of 829 fish
(1.5% return) was over twice the contribution of the control releases
(0.7% return).

7. Techni ques devel oped in this experinment (limted inprint and
enhanced survival of transported fish) could be used to enhance sport
fishing in selected areas of the m d-Col unbia.
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Chel an- Leavenworth 1978 Steel head

I Inmprint techniques used conbined with a truck-barge transport of
fish were unsuccessful in returning fish to the upper Colunbia River.

2. The inpaired honming resulted in an acconpanying delay in mgration
that made these fish nore vulnerable to the Indian (Zone 6) fishery.

3. Survival was not significantly enhanced by transporting fish around
danms by the conbined truck-barge technique. The long truck transport
before off-loading to a barge may have increased the stress |evel and
reduced survival. Results from the Wells-Wnthrop experinent supports this
hypothesis; returns from those trucked and barged were nearly 50% | ess than
the trucked group

Coho Sal mon-W | ard- 1980

1. There was no significant difference in adult survival between
paired rel eases of control groups of juveniles marked as pre-smolts in the
fall and those which were marked during their snolting period in the
spring.

2. Barged fish honmed successfully to Little Wite Sal non NFH. The
direct truck to barge process is adeqguate. No additional stimulation or
short natural migration appears necessary.

3. Fish trucked and rel eased at Beaver Termnal and Hammond, Oregon,
homed to the lower river. None were recovered at the hatchery.

4. Survival did not appear to be enhanced by trucking to the | ower
river. There was no significant difference in rate of recovery in the
ocean fishery between those barged and released at RM 142 and those trucked
and rel eased at RM 50 or Rm 8

5. Survival of transported fish was significantly less than the
control rel eases. Possi bl e reasons for the poorer returns of transport
fish include stress placed on fish during handling, marking, and transport;
fish not random zed prior to marking; or the eruption of Munt St. Helens
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The latter may have had the nost influence. In nearly all previous work,
transported fish have returned at a higher rate than control rel eases.
Techni ques used in previous work were simlar with respect to potential
stresses inposed.

6. A repeat of this study in a year without an eruption of Munt St.
Hel ens; randonizing fish prior to marking; and using inproved handling,
| oadi ng, and transport techniques mght show a nore positive benefit to
fish transported to the |ower estuary. Application of the techniques
devel oped could | ead to increased contributions of the Wllard-Little Wite
Sal ron NFH conplex to user groups while assuring returns of brood stock to

the hatchery.

Fal | Chinook Sal mon-Big Wiite Sal non-Stavebolt Creek-1979
Prelimnary anal yses based on recoveries of 1- and 2-ocean fish
indicate the follow ng trends:

1. Survival of fish fromthe first gill Na+-K+ ATPase test rel ease
is more than one and one-half times as great as the survival of the control
group. By contrast, survival of fish in the second test release was only
one-fourth that of the control release.

2. A major outbreak of disease probably was the major cause of the
low survival. As a result, it probably will not be possible to determ ne
the influence of gill Na+-K+ ATPase activity on hom ng.

3. Smwlts inmprinted to Stavebolt Creek or Hannond, Oregon, are
returning as adults to the Youngs Bay fishery and back to the Lewis and

Clark River.

Fal | Chinock Sal mon-Spring Creek-1980
1. Initial recoveries of jack returns indicate that survival of
transported fish was nearly twice that of control releases.
2. Homng of test releases was again inpaired. Up to 80% of the
test releases strayed to other hatcheries (primarily Bonneville Hatchery).
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3. The inprint techniques enployed in 1981 were an inprovenent over
the direct barging in Colunbia River water done in 1977. Rate of return of
test fish to the honming site in 1980 was four times higher than that in

1977.
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APPENDI X A

Tables 1 - 7



Appendi x Table.\l.--Recoveries of adult steelhead from mi scellaneous |ocations in sport
fisheries and hatcheries, from control and test releases of smolts inprinted
to Tucannon Hatchery and the Gande Ronde River in 1978. Recoveries are from
June 1979 to 30 November 1981.

Nunber of adults recapturedil
Test #l Test #2 Contr ol
100% spring wat er 20% spring water G ande Ronde River
Sanpl i ng % of % of % of
| ocati on N rel ease N rel ease N rel ease
Col unbi a Ri ver
Lower river bel ow
Bonnevi |l | e Dam 3 0.017 1 0. 005 2 0. 004
Bonnevill e Hatchery 0 0.0 1 0. 005 0 0.0
Cascade Hatchery 5 0.028 9 0. 049 0 0.0
Klickitat River 2 0.011 2 0.011 0 0.0
Deschut es Rl ver 22 0.121 8 0.043 1 0. 002
John Day River 0 0.0 1 0. 005 0 0.0
M d-river bel ow
McNary Dam 1 0. 006 0 0.0 1 0. 002
Sub- Tot al 33 0.182 22 0.119 4 0. 007
Upper M d- Col unbia River
Ringold Area 1 0. 006 0 0.0 0 0.0
Wenat chee Ri ver 0 0.0 0 0.0 5 0. 009
Sub- Tot al 1 0. 006 0 0.0 5 0. 009
Snake River
Snake River 1 0. 006 0 0.0 0 0.0
Cl earwater River 1 0. 006 0 0.0 0 0.0
Grande Ronde River 0 0.0 0 0.0 1 0. 002
Sal mon River 0 0.0 1 0. 005 1 0. 002
Sub- Tot al 2 0.011 1 0. 005 2 0. 004
M scel | aneous
Quinault River 0 0.0 0 0.0 2 0. 004
TOTAL 36 0. 198 23 0.124 13 0.023

a/ Because of differences in sampling intensity (efficiency) at each site, results
are not conparabl e between sites.



Appendi x Table A2.-- Adult |- and 2-ocean age steel head fromthe 1978 Wells-Wnthrop
experiment which strayed into the Snake River and were recaptured at Lower Ganite
Dam (RM 107), 1979 to 1981.

Adult return in

Nunber adults recovered % of juveniles rel eased
Contr ol | -ocean "L-ocean Tot al
Test age age 182 (bserved Esti mate@

Wnthrop SFH 0 0 0 0.0 0.0
(control)

Lower Met how Ri ver 1 1 2 0. 010 0. 029
(control)

Truck to
Bonneville 60 3 63 0.329 0. 605
(test)

Barge to
Bonneville 3 1 4 0. 020 0. 046
(rest)

Truck to Ringold 5 2 7 0. 040 0.093
(test)

a/ Park et al. 1981.



Appendix Table A3. --Number and percent recovery of |-, 2-,
from contro | and test releases of smol ts from the Wells Hatchery which were
homing site ans the Mehtow River in 1978.

and 3-ocean age steelhead in Zone 6

Indian fishery
imprinted to the Winthrop NFH

Recoveries wcrc from September 1979 to September 1981.

Number of adults recaptured

Control Numbers I-ocean age 2-ocean age 3-ocealyge &3 -o0ocean age
or j uveniles Fall Fall Winter Fall

Test released N % % N % N % N ) Est 73/

Winthrop NFH 20,330 7 0.034 0.005 0 0.0 0 0.0 8 0.039 0.131
(control)

Lower Mehtow River 19,901 12 0.060 0.010 0 0.0 0 0.0 14 0.070 0.235
(control)

Truck to Bonnesville 19,131 29 0.152 0.021 10 0.052 2 0.010 45 0.235 0.7.57
(test)

Barge to Bonncvllle 19,979 19 0.095 0.025 6 0.030 1 0.005 31 0.155 0.499
(test)

Truck to Ringold 17,637 13 0.074 0.011 1 0.006 0 0.0 16 0.091 0.303

(test)

a/ Estimated recoveries based

on sampling efficiency of the Zone 6 Indian Fishery.



Appendix TableM.--Number and percent recovery of -, 2-
from control and test releases of smolts from the Chel

homing site in 1978. Recoveries were from September 1979 to September ]98],

» and 3-ocean age steelhead in Zone 6 Indian fishery
an Hatchery which were imprinted to the Leavenworth NFH

Lxperiment

Number of adults recaptured

control l-ocean age 2-ocean age J-ocean age l-,2-,& 3-ocean age
or juveniles Fall Fall Winter Fall Total N
test released N % % N % N % N % Est 7%
10-DAY IMPRINTING
Control 24,119 1o ©. 1 0.008 0 c.° e °.e 12 0.050 0.164
Test 22,841 49 o. 215 0.031 11 o.048 o o.o 67 0.293 0.972
2-DAY IMPRINTING
Control 23,787 29 ©.122 0.004 0 0.0 e e.e 30 ©.126 ©. 428
Test 21,694 34 o.157 0.032 11 0.051 o o.o 52 o. 2co o. 78+
4-HOUR _IMPRINTING
Control 21,957 16 0.073 0.009 1 0.005 0 19 0.087 0.291
Test 23,551 47 0.200 0.021 7 0.030 0 59 0.251 0.836

a/ Estimated recoveries based on sampling

efficiency of the Zone 6 Indian Fishery.

/



Appendi x Table A5.--Adult steelhead fromthe 1978 Chel an-Leavenworth experi ment
whi ch strayed into the Snake River and were recaptured at Lower G anite Dam
(RM 107), 1979 to 1981.

Nunmber of adults Adult return in
Cont rol recovered % of juveniles
or | -ocean 2-ocean Tot al rel eased /
t est age age 182 Observed Estimated®
10- DAY | VPRI NT
Contr ol 0 0 0 0.0
Test 6 1 7 0.031 0.061
2- DAY | MPRI NT
Control 0 0 0 0.0
Test 6 0 6 0.028 0. 048
4- HOUR | VPRI NT
Control 0 0 0 0.0
Test 0 2 2 0.008 0.033

a/ Park et al. 1981.



Appendix Table Ab.--Coho salmon rurked at Willard and Little White Salmon Hatcherles for release in 1980,

Test number, mark

uned, oumber released, date released, type of imprint, and treatment for various groups are indicated.
" oy o a/

Test C.W.T. Number— Date

Control code released releasced Homing {mprint Treatment

Marked in Fall, 1979

Control #1 05-03-58

Control #2

05-03-59

Marked in Spring, 1980

Control #3 05-06-54

Test 11 05-06-55
b/

Test #2— 05-06-60

43,045

42,371

51,525

51,417

33,732

5/14

5/23

5/25

5/25

Natural Migration

Natural Migration

Natural Migration

Sequential

Sequential

Trucked from Willard Hatchery and released into
L. W. Salmon River below lower barrier at L. W.

Salmon Hatchery,

River,

Released from Willard Hatchery into L. W. Salmon

Released from Willard Hatchery into L. W. Salmon

River.

At Willard Hatchery unmarked fish were passed
through 175 ft of pipe and held in a raceway for
4 days then trucked to L. W. Salmon Hatchery
where they were marked and held in a racevwuyy
days. Fish were then trucked and loased into a
barge in the L. W. Salmon River and held for 19h
18 min, then barged downstream to a release site
below the Bonneville Dam (RM 140).

limited migration - unmarked fish were released
from Willard Hatchery into L. W. Salmon Rlvcr,
migrated approximately 3.5 mi, were recantured

below lover barrier at L.

W. Salmon Hatchery, and

mnrked and held in a raceway for 2-5 days. They

were then trucked and

londed into a barge in the

L. w. Salmon River and held 18 h 53 min, then
barged downstream to a release site below

Bonneville Dam (RM 140).



Appendix Table A6.--continued-- Coho salmon marked at Wllard and Little White Salmon Hatcheries for release in 1980. Test
nunber, marked used, number released, date releaded, type of inprint, and treatment for various groups are indicated

Test CW.T. Numbexi./ Date
Control code released released Homing {mpnrint Treatment

Marked in Spring, 1980

Test #3 05-06-50 47,923 5/25 Sequential Trucked direclly from Willard Hatchery and loaded
into a barge in the L. W. Salmon and held for 21 h
12 min, then barged downstream to a relese site
below Bonneville Dam (RM 140).

Test 1/45/ 05-06-51 50,786 5/21 Single Loased in truck for 2 h then released into raceway
containing L. W. Salmon River water for 48 h
minimum then transported by truck (L.W.Salmon River
water) to a release site at Dalton Point on the
Columbia River (RH 142).

Test #5 05-06-53 50,619 5/23 Single Loaded in truck for 2 h then released into raceway
containing L. W. Salmon River water for 48 hr
minimum then transported hy truck (L.W. Salmon River
water) to a release site at Hamond, Oregon on the
Columbia River (RM 8).

Test 06 05-06-52 51,683 5/22 Single loased in truck for 2 h then releasedinto raceway
containing L. W. Salmon River water for 48 h
minimum then transported hy trock(L.W. Salmon River
water) to a release site at Beaver Terminal (RM 50)
on the Columbia River (upstream of the salt water
intrusion).

c/ adjusted for initaial tag loss.
b/ Migration mileage was reportd incorrectly in Table 7, Slatick et al. (1981).

c/ Name of release location was reported incorrccely in Table 7, Slatick et al. (1981).



Appendix ‘l'ablc A7.--Fall chinook salmon marked at Spring Creek Hatchery for release in 1980. ‘Test number,

mark used, number released, date released, type of imprint,

and treatment for various groups are indicated.

Test - CWT. Number2/ Date
control code released released Homing imprint Treatment
b . . . . .

Control-—/ 05-06-41 60,500 9 May Natural Migration Released from Spring Creek NFH into Columbia
River (RM 166).

Test 05-06-48 99,583 19 May Sequential Fish were loaded directly from a raceway into
a barge containing Spring Creek Hatchery water.
Pumps for Columbia River water started 20 min.
after fish were loaded. Fish were barged to
a release site below Bonneville Dam (RM 140).

Test #2 05- 06- 49 99, 703 19 May Sequential Fish traveled 350 ft through a transport

d/  Adjusted for initial tag loss.

channel (crowded with a seine) then were load-
ed into a barge containing Spring Creek Hatchery
water. Pumps for Columbia River water started

1 h 55 min. after fish were loaded. Fish were
barged to a release site below Bonneville Dam

(RM 140).

b/ This group was marked by the USFWS for the fall chinook salmon hatchery evaluation study.



